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Summary and concluding remarks
The mye l in  sheath  sur rounds the  axons ,  in  th is  way prov id ing  an  env i ronment  in
wh ich  e f f i c ien t  pu lse  conduct ion  can occur .  The impor tance o f  mye l in  in  the  cor rec t
funct ioning of  the nervous system is c lear f rom the drast ic ef fects of  some
neurodegenera t ive  d iseases  invo lv ing  mye l in .
Desp i te  i t s  s imp le  compos i t ion ,  mye l in  can be  regarded as  a  complex  s t ruc tu re ,
un ique fo r  the  cent ra l  and per iphera l  nervous  sys tem.  Spec ia l  requ i rements  w i th
respect to the archi tecture of  myel in are evident f rom the presence of  speci f ic
pro te ins  such as  MBP and PLP.  Abundant  in fo rmat ion  concern ing  the  na ture  o f
bo th  p ro te ins  and the i r  in te rac t ion  w i th  (a r t i f i c ia l )  membranes,  i s  ava i lab le ,  as
d iscussed in  chapter  1 .  However ,  less  is  known about  the  prec ise  func t ion(s )  o f
these pro te ins ,  the  regu la t ion  o f  th is / these func t ion(s )  and the  ro le  o f  p ro te in
heterogene i ty  in  the  s t ruc tu re  o f  mye l in .
The ob jec t ive  o f  th is  thes is  was to  s tudy  the  a fo rement ioned ques t ions  fo r  bo th
MBP and PLP.  For  th is  purpose bo th  p ro te ins  were  iso la ted  and the  in te rac t ion  o f
i so la ted  MBP or  PLP wi th  membranes was s tud ied .  The aggregat ion  o f  these
ar t i f i c ia l  membranes,  induced by  MBP or  PLP,  was used as  a  mode l  fo r  mye l in
compact ion .
Myelin basic protein
Apparent ly  the  func t ion  o f  MBP is  re la ted  to  the  s tab i l i za t ion  o f  the  major  dense
l ine ,  i .e . ,  the  compacted  cy top lasmic  space (chapter  í ) .  Th is  compact ion  is  ob ta ined
v ia  the  in te rac t ion  o f  MBP wi th  the  mye l in  membrane ( f igure  1) .
MBP shows a  complex  behav io r  w i th  respec t  to  i t s  in te rac t ion  w i th  a r t i f i c ia l
membranes as  d iscussed in  chapter  2 .  Th is  in te rac t ion  was mon i to red  by
measur ing  the  aggregat ion  o f  un i lamel la r  ves ic les  by  MBP,  and th is  aggregat ion
may be  regarded as  a  method to  measure  MBP 'ac t i v i t y ' .  The add i t ion  o f  MBP to
ves ic les  conta in ing  negat ive ly  charged l ip ids  resu l ts  in  an  immedia te  aggregat ion  o f
the  ves ic les .  A l though some leakage is  observed,  no  major  des tab i l i za t ion  o f  the
membranes occurs ,  a t  leas t  when PC is  p resent  in  the  ves ic les .  lncubat ion  o f  the
MBP-ves ic le  complex  w i th  t ryps in  resu l ts  in  a  comple te  d issoc ia t ion  o f  ves ic le
aggregates ,  wh ich  is  a lso  an  ind ica t ion  o f  the  main tenance o f  membrane in tegr i t y .
These da ta  s t ress  the  impor tance o f  MBP in  c ross- l ink ing  membranes w i thout
d is tu rb ing  the  membrane in tegr i t y .
Yet ,  the  in te rac t ion  o f  MBP wi th  membranes is  more  complex  as  one wou ld
expect f rom these data.  This can be clear ly inferred from studies of  the interact ion
of  MBP wi th  ves ic les  lack ing  negat ive ly  charged l ip id ,  bu t  ra ther  cons is t ing  o f  PC
and cho les tero l  (chapter  2 ) .  A lso  these ves ic les  a re  aggregated  upon add i t ion  o f
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MBP,  wh ich  c lear ly  demonst ra tes  the  ab i l i t y  o f  MBP to  in te rac t  hydrophob ica l l y  w i th
m e m b r a n e s .
MBP- induced aggregat ion  o f  ves ic les  i s  a lso  dependent  on  the  in te rac t ion  o f  the
p r o t e i n  w i t h  o t h e r  M B P  m o l e c u l e s .  T h i s  M B P  d i m e r i z a t i o n  i s  h i g h l y  p H - d e p e n d e n t
a n d  i n d e e d ,  w h e n  P C / c h o l  v e s i c l e s  w e r e  a g g r e g a t e d  b y  M B P  a s  a  f u n c t i o n  o f  p H ,  a
decrease o f  aggregat ion  was observed upon lower ing  the  pH.  Th is  resu l t  s t resses
the  impor tance o f  MBP-MBP in te rac t ion  in  ves ic le  aggregat ion  and there fore  a lso  in
m y e l i n  c o m p a c t i o n .
The presence o f  ca lc ium a t  modera te  concent ra t ions  resu l ts  in  an  ex tens ive
decrease o f  MBP- induced ves ic le  aggregat ion .  Even pre formed MBP-ves ic le
c o m p l e x e s  c a n  b e  d i s s o c i a t e d  i n  t h e  p r e s e n c e  o f  c a l c i u m .  T h i s  c a l c i u m  d e p e n d e n t
MBP-membrane d issoc ia t ion  cou ld  regu la te  mye l in  compact ion .  Bc th ,  a  compet i t ion
e f fec t  and a  d i rec t  in f luence o f  ca lc ium on MBP s t ruc ture  are  p laus ib le  in  exp la in ing
t h e s e  r e s u l t s .  A s  i t  w a s  s h o w n  t h a t  m o n o v a l e n t  [ 1 ] ,  d i v a l e n t  c a t i o n s  a n d  p H
m e d i a t e  t h e  M B P - i n d u c e d  v e s i c l e  a g g r e g a t i o n ,  t h e  i n t e r a c t i o n  o f  M B P  w i t h  t h e
m y e l i n  m e m b r a n e  i s  p r o n e  t o  r e g u l a t i o n  v i a  t h e  p r e s e n c e  o f  i o n - c h a n n e l s .
S u b s e q u e n t l y  t h e s e  i o n - c h a n n e l s  m a y  b e  u n d e r  c o n t r o l  o f  e x o g e n o u s  a n d / o r
e n d o g e n o u s  s i g n a l s .  A s  p o r e  f o r m a t i o n  b y  P L P / D M - 2 0  h a s  b e e n  s u g g e s t e d  [ 2 ] ,  i t  i s
tempt ing  to  specu la te  a  ro le  o f  PLP/DM-20 in  mye l in  compact ion  v ia  such a
m e c h a n i s m .
Recent  s tud ies  showed tha t  MBP is  he terogeneous w i th  respec t  to  charge and
molecu la r  we igh t .  Pos t t rans la t iona l  mod i f i ca t ion  o f  MBP,  g iv ing  r i se  to  the  d í f fe ren t
charge isomers ,  i s  a  we l l -charac ter ized  phenomenon but  i t s  p rec ise  func t ion  is  s t i l l
no t  known.  l t  has  been imp l ied  tha t  i t  may in f luence the  in te rac t ion  o f  MBP wi th  the
m y e l i n  m e m b r a n e ,  a n d  a s  a  r e s u l t  m a y  i n f l u e n c e  m y e l i n  c o m p a c t i o n .  Y e t ,  i n
chapter  3  we show tha t ,  a l though aggregat ion  k ine t ics  a re  in f luenced by  th is
mod i f i ca t ion  o f  MBP,  the  ex ten t  o f  aggregat ion  is  on ly  marg ina l l y  in f luenced by
pos t t rans la t iona l  mod i f i ca t ion .  Ves ic les  cons is t ing  o f  l ip ids  mimick ing  the  inner
lea f le t  o f  the  mye l in  membrane were  aggregated  to  the  same ex ten t  by  the  d i f fe ren t
charge isomers .  On ly  w i th  the  C-8  charge iso form,  wh ich  is  ex tens ive ly  mod i f íed ,  a
to ta l  absence o f  aggregat ion  is  observed.  However ,  pos t t rans la t iona l l y  mod i f ied
MBP showed an inc reased po tency  to  se l f -assoc ia te  and to  in te rac t  w i th  o ther
p r o t e i n s ,  s u c h  a s  t u b u l i n .  T h u s ,  M B P  m o d i f i c a t i o n s  s u c h  a s  p h o s p h o r y l a t i o n  m a y  b e
impor tan t  in  the  in i t ia l  mye l ina t ion  events ,  when they  can regu la te  the  a f f in i t y  o f
M B P  f o r  m e m b r a n e s  a n d  p r o t e i n s .
How are  the  in te rac t ion  o f  MBP wi th  the  mye l in  membrane and as  a
consequence,  the  mye l in  compact ion  regu la ted? In  chapter  2  we a l ready  observed
tha t  chang ing  the  ca lc ium concent ra t ions  can have ex tens ive  e f fec ts  on  MBP-
membrane assoc ia t ion  and on  the  MBP- induced ves ic le  aggregat ion .  In  chapter  4
w e  s h o w  t h a t  s p h i n g o s i n e ,  a  m e t a b o l i t e  o f  s p h i n g o l i p i d s ,  i n f l u e n c e d  t h e  i n t e r a c t i o n
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o f  M B P  w i t h  m e m b r a n e s .  T h e  p r e s e n c e  o f  s p h i n g o s i n e  ( o r  p s y c h o s i n e )  r e d u c e d  t h e
MBP- induced aggregat ion  cons iderab ly .  The mechan ism appears  to  be  re la ted  to
the  pos i t i ve  charge o f  the  molecu le ,  caus ing  in te r fe rence w i th  the  b ind ing  o f  MBP to
the  membrane.  Th is  in te r fe rence can be  a  resu l t  o f  charge neut ra l i za t ion  o f  the
negat ive ly  charged PS or  a  d i rec t  in te r fe rence o f  sph ingos ine  w i th  MBP-membrane
in te rac t ion ,  invo lv ing  the  charge repu ls ion .  The po tency  o f  MBP to  in te rac t
hydrophob ica l l y  and e lec t ros ta t i ca l l y  w i th  membranes reduces  the  e f fec t  o f
s p h i n g o s i n e  o n  M B P - m e m b r a n e  i n t e r a c t i o n .
The invo lvement  o f  MBP heterogene i ty  in  mu l t ip le  sc le ros is  i s  d iscussed in
chapter  B .  The increased presence o f  the  C-8  charge isomer  in  MS pat ien ts  cou ld
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F igu re  1 .  The  mo lecu la r  s t ruc tu re  o f  mye l in .  Th is  f i gu re  shows  a  mode l  o f  t he  s t ruc tu re  o f  mye l in
a n d  t h e  p o s s i b l e  r o l e  o f  M B P  a n d  P L P / D M - 2 0  i n  m y e l i n  c o m p a c t i o n .  M B P  i s  i n v o l v e d  i n  t h e
c ross l i nk ing  o f  the  in t race l l u la r  space  (A )  i n  wh ich  MBP-MBP in te rac t ions  p lay  an  impor tan t  ro le .
Th is  compac t ion  may  be  regu la ted  by  d i va len t  o r  monova len t  ca t ions  o r  by  modu la t i on  o f  the  l i p id
compos i t i on .  The  invo lvement  o f  PLP in  mye l in  compac t ion  a t  the  in t race l l u la r  space  canno t  be
exc luded  (see  tex t ) .
I n te rac t ion  o f  PLP/DM-20  w i th  membranes  o r  the  o l i gomer i za t ion  o f  PLP/DM-20  a re  impor tan t  i n
the  compac t ion  o f  the  ex t race l l u la r  space  (B ) .  I n  add i t i on  th i s  compac t ion  may  a l so  be  fac i l i t a ted  by
the  p resence  o f  ca l c ium ions .  F ina l l y ,  t he  observa t ion  o f  MBP 's  p resence  a t  the  ex t race l l u la r  s i t e  [4 ]
may  a l so  imp ly  a  ro le  fo r  th i s  p ro te in  i n  adherence  o f  the  membranes  a t  the  ex t race l l u la r  s i t e .
The unchanged ra t io  o f  d i f fe ren t  i so fo rms o f  MBP when MS-pat ien ts  were
compared to  hea l thy  cont ro ls  ind ica tes  tha t  the  observed increase o f  C-8  may no t
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PLP is  an  in tegra l  membrane pro te in  and is  regarded as  one o f  the  most
hydrophob ic  p ro te ins .  l t s  func t ion  in  mye l in  i s  s t i l l  a  mat te r  o f  debate  bu t  i t s  re la t i ve
abundance in  mye l in  suggests  a  s t ruc tu ra l  func t ion .  PLP was iso la ted ,  de l ip ida ted
and t rans formed to  a  water  so lub le  complex .  In  th is  complex  most  o f  the
hydrophob ic  s t re tches  are  bur ied ,  and the  hydroph i l i c  s t re tches  are  exposed to  the
aqueous env i ronment .  Wi th  th is  complex  we observed a  pH dependent  se l f -
assoc ia t ion  (chapter  5 ) .  ln te rac t ion  o f  th is  fo rm wi th  ves ic les  was h igh ly  dependent
on  the  presence o f  negat ive ly  charged l ip ids .  Yet ,  b ind ing  and penet ra t ion  in to
zwi t te r ion ic  ves ic les  was a lso  observed.  The presence o f  negat ive ly  charged l ip ids
seemed to  be  a  p rerequ is i te  to  ob ta in  PLP- induced aggregat ion  o f  ves ic les .
However ,  i t  i s  impor tan t  to  de termine whether  PLP can in te rac t  w i th  membranes,
when i t  i s  loca ted  in  membranes.  Thus  the  ques t ion  ar ises  whether  PLP can fo rm
in ter lamel la r  a t tachments ,  when in te rca la ted  in to  membranes,  i .e . ,  i t s  na tura l
env i ronment .  There fore  a  p rocedure  was deve loped to  recons t i tu te  PLP in  a r t i f i c ia l
membranes.  Th is  was most  success fu l l y  accompl ished a t  mi ld  ac id  cond i t ions
(chapter  6 ) .  These ves ic les  s t i l l  showed the  tendency  to  fo rm aggregates ,  ind ica t ing
tha t  se l f -assoc ia t ion  o f  PLP may be  one o f  the  mechan isms v ia  wh ich  th is  p ro te in
can fo rm in te r lamel la r  b r idges .  However ,  when ves ic les  conta in ing  PLP were
incubated  w i th  ves ic les  conta in ing  the  negat ive ly  charged l ip id  PS,  aggregat ion
o c c u r s .  T h i s  a g g r e g a t i o n  i s  a c c o m p a n i e d  b y  l e a k a g e  a n d  l i p i d  d i l u t i o n .  P L P
recons t i tu ted  in  ves ic les  was ab le  to  aggregate  ves ic les  conta in ing  su l fa t ide  bu t  to  a
lesser  ex ten t  than tha t  ob ta ined w i th  PS.
The na tura l  occur r ing  iso form o f  PLP,  ca l led  DM-20,  was used to  inves t iga te  the
r o l e  o f  a  c h a r g e d  s e q u e n c e  ( 1 1 6 - 1 5 0 )  i n  P L P  i n  t h e  a g g r e g a t i o n  o f  v e s i c l e s .  D M - 2 0
showed a  reduced aggregat ion  and l ip id  mix ing  compared to  PLP and i t s  a f f in i t y  fo r
f luorescent  p robes  was reduced.  These observa t ions  show tha t  the  par t i cu la r
s e q u e n c e  i s  c a n  m o d u l a t e  c r o s s l i n k i n g  o f  m e m b r a n e s .  B u t  a l s o  D M - 2 0  h a s  r e t a i n e d
the  ab i l i t y  to  b ind  to  charged membranes (chapter  7 ) .
lnterest ingly i t  is  known from the l i terature that  PLP interacts preferent ia l ly  wi th
one o f  the  charge isomers  o f  MBP,  namely  C-8 .  [3 ]  Th is  charge isomer  was a lso
found to  be  predominant ly  p resent  a t  the  ex t race l lu la r  space [4 ]  and there fore  i t
cannot  be  exc luded tha t  C-8  together  w i th  PLP/DM-20 may be  invo lved in  mye l in
compact ion  a t  the  ex t race l lu la r  space,  as  dep ic ted  in  f igure  1 .
SuggesÍions for further research
Severa l  impor tan t  i ssues  need fu r ther  research .  The func t ion  and proper t ies  o f
the  d i f fe ren t  p ro te in  íso forms and isomers  are  s t i l l  fa r  f rom be ing  e luc ida ted .  Th is
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thes is  p resents  ev idence tha t  loca l i za t ion  and proper t ies  o f  the  d i f fe ren t  MBP
spec ies  imp ly  d i Í fe rences  in  func t ion .  Poss ib le  in te rac t ion  o f  MBP wi th  o ther
pro te ins  o r  the  cy toske le ta l  ne twork  in  o l igodendrocy tes  is  ev ident  f rom our  resu l ts .
Yet,  these ínteract íons have to be shown in v ivo,  and the regulat ion of  these
in te rac t ions  w i l l  needs  fu r ther  charac ter iza t ion .  A lso ,  the  e f fec t  o f  sph ingo l ip id  bases
on MBP-membrane in te rac t ion  in  v ivo  remains  to  be  de termined.
The d i f fe ren t  loca l i za t ion  o f  the  MBP- iso forms is  s t i l l  an  in t r igu ing  phenomenon.
A l though a l l  o f  them are  h igh ly  charged,  they  can be  found a t  d i f fe ren t  s i tes  in  the
o l igodendrocy te .  The invo lvement  o f  se lec t i ve  MBP mRNA t ranspor t  i s  obv ious .  Yet
i t  w i l l  be  in te res t ing  to  compare  the  in te rac t ion  o f  the  d i f fe ren t  i so fo rms o f  MBP wi th
ar t i f i c ia l  membranes.  Moreover ,  such a  s tudy  can a lso  be  o f  c l in ica l  in te res t ,
because d i f fe ren t  i so fo rms o f  MBP can be  invo lved in  ( re )mye l ina t ion .
Recent ly  i t  was  shown tha t  there  are  o ther  p ro te ins  p resent  in  o l igodendrocy tes
a n d  m y e l i n ,  w h i c h  m a y  b e  i m p o r t a n t  i n  t h e  b i o g e n e s i s  o f  m y e l i n  a n d  m y e l i n
s t ruc tu re  ts l  Charac ter iza t ion  o f  these compounds and examinat ion  o f  the i r
i n t e r a c t i o n  w i t h  m e m b r a n e s  w i l l  g i v e  i n s i g h t  i n  t h e  m e c h a n i s m  b y  w h i c h  t h e s e
pro te ins  may be  invo lved in  de termin ing  and de f in ing  the  mye l in  s t ruc tu re .
S i n c e  l o n g ,  t h e  i n v o l v e m e n t  o f  t h e  m a j o r  m y e l i n  p r o t e i n s  M B P  a n d  P L P  i n  M S
has been recogn ized,  and i t  i s  now we l l  es tab l i shed tha t  bo th  p ro te ins  p lay  an
i m p o r t a n t  r o l e  i n  t h e  i m m u n o l o g i c a l  r e s p o n s e  w h i c h  a c c o m p a n i e s  M S .  I n  t h i s
thes is ,  some pre l im inary  da ta  a re  g iven concern ing  invo lvement  o f  d is t inc t  MBP
charge isomers  in  the  b iochemica l  compos i t ion  o f  MS mye l in .  A l though a  d i rec t
cor re la t ion  may no t  ex is t  be tween C-8  and remye l ina t ion ,  the  re la t i ve  inc rease o f  C-
8  vs .  non-c i t ru l l ina ted  MBP may be  re la ted  d i rec t l y  to  the  d isease.  Th is  impor tan t
observa t ion  needs fu r ther  research  in  wh ich  MS mode l  sys tems o ther  than EAE
[6 ,7 ]  may be  very  he lp fu l .
I t  w i l l  a lso  be  re levant  to  fu r ther  de f ine  the  ro le  o f  the  he terogene i ty  o f  the
pro te ins .  Poss ib ly ,  d is t inc t  i somers  may p lay  a  p rominent  ro le  dur ing  par t i cu la r  the
mye l ina t ion  process  e .g .  in  s tages  in  wh ich  s t ruc tu ra l  dynamics  o f  mye l in  i s
n e e d e d .  T h u s  c h a n g e s  i n  M B P  h e t e r o g e n e i t y  m a y  b e  a l s o  i m p o r t a n t  i n  r e l a t i o n  t o
the  occur rence o f  demye l ina t ing  d iseases ,  such as  mul t ip le  sc le ros is .  Th is
emphas izes  the  necess i ty  fo r  con t inuous  research  o f  fundamenta l  aspec ts
concern ing  the  b iogenes is  and the  s t ruc tu re  o f  mye l in .
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